Trace el e ment pol lu tion biomonitoring us ing the bark of Pinus brutia Ab stract. Back ground: Pinus brutia Ten (Turk ish red pine) is a wide spread ev er green tree in the Med i ter ra nean and Aegean re gions of Tur key. Meth ods: The barks of red pine were tested as a pos si ble biomonitor of trace el e ment pol lu tion stud ied in the West ern Anato lian part of Tur key. Sam ples col lected from con trol, in dus try, road side, sub ur ban and ru ral ar eas from 30 lo ca tions in the study area were in ves ti gated. The con cen tra tion of cad mium, lead, chro mium, iron, nickel and cop per were de ter mined in the bark of the red pine by atomic ab sorp tion spec trom e try. Re sults: As re sults of this study, the fol low ing con cen trations were de ter mined: Cd: 0.60 -0.71 µg g -1 , Pb: 4.59 -20.03 µg g -1 , Cr: 0.44 -3.17 µg g -1 , Fe: 486.35 -1274.04 µg g -1 , Ni: 3.56 -18.87 µg g -1 and Cu: 3.52 -15.30 µg g -1 . Con clusion: The re sults of this study im ply that barks of P. brutia can be a use ful biomonitor for the de ter min ing heavy metal pol lu tion in an area.
Introduction
All com part ments of the bio sphere are pol luted by a va ri ety of in or ganic and or ganic pol lut ants as a re sult of anthropogenic ac tiv ities which al ter the nor mal biogeochemical cy cling [Asta et al. 2003, Prasad and . Heavy met als are nat u ral com po nents of the en vi ron ment and also they are emit ted into the en vi ron ment in dif fer ent ways, i.e. trans por ta tion, in dus try, fos sil fu els, ag ri culture, and other hu man ac tiv i ties [Aksoy et al. 2000] . Heavy metal con tam i na tion of the biosphere has in creased sharply since 1900 and poses ma jor en vi ron men tal and hu man health prob lems world wide [Arslan and Gizir 2004, Prasad and ]. There fore, re cently, they have been the object of many studies [Baslar et al. 2005] .
Bo tan i cal ma te ri als such as fungi, li chens, tree bark, tree rings and leaves of higher plants, have been used to de tect the de po sition, ac cu mu la tion and dis tri bu tion of metal pol lu tion. Lower plants, es pe cially mosses, al gae and li chens, in view of their higher capac ity for metal ac cu mu la tion, are prob a bly the or gan isms most fre quently used for mon itor ing metal pol lu tion in ur ban environments [Aksoy et al. 1999] .
Plant biomonitoring is be ing in creasingly used, es pe cially in Eu rope, as an al terna tive to the tra di tional (in stru men tal) methods of study ing re gional de po si tion of nat u ral and anthropogenic sub stances from the at mo sphere to the ter res trial en vi ronment [Pacheco et al. 2001] .
In some stud ies only pine spe cies were inves ti gated to de cide whether the spe cies can be used as a biomonitor for the de ter mi na tion of heavy met als. Only pine nee dles were used in some of such stud ies. For ex am ple, in their stud ies Dmuchowski and Bytnerowicz [1995] , Yilmaz and Zengin [2004] , used nee dles of Scats pine (Pinus sylvestris L.); Pyatt [1999] used nee dles of Corsican pines (P. nigra Arnold. ssp. laricio Maire); and Baslar et al. [2003] used nee dles of Turk ish red pine (P. brutia Ten) to mon i tor heavy metal pol lu tion. Some other re search ers, like Grodzinska [1971] , Huhn et al. [1995] , Poikolainen [1997] , Schulz et al. [1999] , Pacheco et al. [2001] , on the other hand, stud ied with pine barks; Laaksovirta et al. [1976] , Takala et al. [1994] , Loppi et al. [1997] , Van Dobben et al. [ 2001] , used pine barks and li chens liv ing on the barks and [Lippo et al. 1995] used pine barks and mosses liv ing on them.
Re sults of such stud ies show that the barks of the pine trees are good adsorbents of air borne pol lut ants, in clud ing anthropogenic heavy met als [Huhn et al. 1995 , Schulz et al. 1999 . The bark sur face is very po rous, and [Pacheco et al. 2001 ].
In the re lated lit er a ture there are many other stud ies fo cus ing on us ing barks of other tree spe cies as biomonitors [Barnes et al. 1976 , Gaudry et al. 2003 , Loppi et al. 1997 , Odukoya et al. 2000 , Santamaría and Martín 1997 , Suchara 1993 , Walkenhorst et al. 1993 Wolterbeek et al. 1996 . For ex am ple, Pacheco et al. [2001 Pacheco et al. [ , 2002 Pacheco et al. [ , 2003 ] stud ied only barks and/or li chens on ol ive trees (Olea europaea L.), while Santitoro et al. [2004] stud ied Quercus ilex L. and epiphytic foliose li chen (Physcia biziana (Massal.) Zhalbr. v. leptophylla Vezda).
Since the barks of the pine trees are good adsorbents of air borne pol lut ants, the aim of this study is to de ter mine the pol lu tion lev els of Cd, Pb, Cr, Fe, Ni and Cu by us ing the bark of P. brutia as bioindicator in the West ern Ana to lian part of Turkey.
Materials and methods

Study area
The study area which in cludes the cit ies of Izmir, Manisa, Aydin, Denizli, Mugla, Balikesir, Canakkale and Kutahya and their surround ings cov ers about 100,000 km 2 of land piece. There are many small and mediumsized in dus tries, pre dom i nantly met al lur gical, tex tile, pe tro leum re fin ery, ce ment and elec tronic fac to ries, in the study area. The moun tains of Akdag, Bozdag, Murat Dagi and Kaz Dagi were se lected as con trol sites, and the sam ples were col lected from the approx i mate al ti tude of 1,000 m, at a dis tance of 35 -40 km away from the city cen ter with a neg li gi ble traf fic and pol lu tion load. The urban road side sam pling ma te rial was collected about 2 m away from the main road.
Bark sample collection and preparation
The barks of the Pinus brutia Ten (Pinaceae) (Turk ish red pine) were col lected from dif fer ent sites dur ing July and Au gust. The num ber of sites from each cat e gory sampled was as fol lows: in dus trial: 8, road side: 6, sub ur ban: 6, ru ral area: 6 and con trol: 4. The trees used for sam pling were of the same age (ap prox i mately 35 -40 years old). The barks were care fully re moved with a stain less steel pen knife at an av er age height of about 2 m above the ground. About 200 g of up per part of the bark of P. brutia from each di rec tion of the trees were col lected. The sam ples were dried in the oven at 80 °C for 24 h, milled in a mi cro-ham mer cut ter and fed through a 2 mm sieve. Bark sam ples were stored in clean self-seal ing plas tic bags un der sil ica gel desiccant. Con tam i na tion from the microhammer cut ter was neg li gi ble dur ing the grind ing be cause it was washed af ter ev ery grind ing, first with ab so lute al co hol then with tri ple dis tilled wa ter. In this step, the sam ples were not di gested. The di ges tion was made only be fore the anal y sis.
Wet digestion procedure
The bark di ges tion method used in this study was de scribed by Perkin Elmer Cor pora tion [Anon y mous 1996]. The di gested samples were as pi rated into an air-acet y lene flame and the met als were de ter mined by flame atomic ab sorp tion spec trom e try (FAAS). The reproducibility of the method used in de compos ing the bark sam ples was checked by carry ing out a trip li cate anal y sis. All sam ples were an a lyzed as soon as pos si ble af ter prep ara tion.
Reagents and instrumentation
All chem i cals used were of an a lyt i cal reagent grade un less oth er wise spec i fied. Tri ple dis tilled wa ter was used through out the exper i ments. Work ing metal stan dard so lu tions were pre pared just be fore use, by di lut ing the stock stan dard solution with water.
De ter mi na tion of the met als was performed with Perkin Elmer An a lyst 700 model flame atomic ab sorp tion spec trom e ter equipped with deu te rium back ground cor rec tion, hollow cath ode lamps (HCl) and acet y lene burner. The ab sorp tion mea sure ments of the met als were per formed un der the con di tions rec ommended by the man u fac turer. A Cole-Parmer microfiltration ap pa ra tus with mem brane filter (0.45 µm pore size man u fac tured by Mi cro Fil tra tion Sys tems, MFS) was used for the filtra tion of the aque ous phase be fore metal deter mi na tion.
Results
In this study, P. brutia bark sam ples collected from 30 dif fer ent sta tions in in dus trial, sub ur ban, road side, ru ral and con trol ar eas through out nearly 100,000 km 2 of the Western Ana to lian re gion in Tur key were in ves tigated. In chem i cal anal y sis, the lev els of Cd, Pb, Cr, Fe, Ni and Cu (µg g -1 , dry weight) in the bark of P. brutia col lected from the sampling sta tions were de ter mined and given in Table 1 . As shown in the ta ble the con tents of cad mium, lead, chro mium, iron, nickel and copper (µg g -1 , dry weight) ranged from 0.63 -0.71, 7.32 -20.03, 0.84 -3.17, 526.21 -1274.04, 3.72 -18.87 and 4.57 -15.30, respec tively. In the con trol sites, on the other hand, the mean val ues of the con tents of those met als (µg g -1 dry weight) were de ter mined as 0. 68, 4.59, 0.44, 486.35, 3.56 and 3.52, respectively. The re sults in di cate that the bark of P. brutia can ac cu mu late high heavy metal concen tra tions. The in dus trial and ur ban roadside sam ples ex pe ri enc ing high est hu man activ ity, to gether with higher ve hic u lar den sity show the high est ac cu mu la tion in re gard to the heavy metal concentrations.
Discussion
The West ern Ana to lian re gion is the second most im por tant re gion in Tur key with its ap prox i mately 100,000 km 2 area cov ered by high way and rail way net works. In this study, we aimed to iden tify the pol lu tion level of the re gion by in ves ti gat ing the den sity of some heavy metals.
Among the heavy met als, cad mium is one of the el e ments of great est en vi ron men tal con cern. The con cen tra tion of cad mium was found de cid edly low in the whole study area, with the val ues closer to those found in bark from the con trol sites in this study and like in the study by Baslar et al. [2003] with nee dles of the same study el e ment of P. brutia. As a re sult of this study, it can be con cluded that cad mium con tam i na tion is low in the whole study area.
When we com pare all sites from the iron con cen tra tion point of view, it was iden ti fied that apart from the in dus trial ar eas, the level of iron con cen tra tions in all ar eas were close to each other. The mean value of iron con centra tion (1,274.04 µg g -1 , dry weight) in the indus trial ar eas, on the other hand, were 2 -3 times more than those in oth ers. This re sult im plies that the iron con tam i na tion in in dustrial ar eas, in this study, oc curs as a re sult of in dus trial ac tiv i ties. Since such con tam i nation was not ob served in con trol, ru ral and sub ur ban ar eas, it can be con cluded that iron con tam i na tion de ter mined in in dus trial ar eas did not ef fect the other ar eas in ves ti gated in this study. Our con clu sion of "iron con tam i nation in in dus trial ar eas oc cur ring as a re sult of in dus trial ac tiv i ties" is sup ported by the re sults of an other study car ried out on Populus nigra L. in the same study area [Baslar et al. 2005 ].
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Ta ble 1. Trace el e ment con cen tra tions (µg g -1 , dry weight) and sta tis ti cal eval u a tion in the bark of Pinus brutia in the study area.
El e ment con cen tra tion*, µg g Sim i lar ef fects of in dus trial ac tiv i ties on heavy metal pol lu tion were proved in in ves tiga tion of the con cen tra tion of Cu and Ni trace el e ments in this study, since the val ues of such el e ments were found higher only in in dus trial ar eas.
The con cen tra tion of lead was found higher in in dus trial ar eas and road side ar eas. Other than the in dus trial ac tiv i ties, lead in the pe tro leum cause the road side ar eas to be polluted by the lead. Sim i lar re sults were reported by some other re search ers in Tur key. For ex am ple, Baslar et al. [2005] come to the con clu sion, as a re sult of their study car ried out in the same study area on Populus nigra, that in dus try and the dense traf fic on the roads are the source of heavy metal pol lu tion in Turkey. This opinion is also shared by some other re search ers in the field in Tur key [Aksoy et al. 2000 , Karademir and Toker 1998 , Soylak et al. 2001 .
At the in ter na tional level var i ous research ers in ves ti gated and/or made comments about us ing the barks of dif fer ent tree spe cies in iden ti fy ing heavy metal pol lu tion. For ex am ple, Santitoro et al. [2004] proved that the bark of Q. ilex can not be used for biomonitoring stud ies. Sim i larly, in an other study Pacheco et al. [2001] stated that bark of ol ive trees (O. europaea) is not suf fi cient alone in de ter min ing the heavy metal pol lution, there is a need to sup port the find ings obtained from Palmelia sp. thalli -li chen which lives on the bark of olive trees.
Re gard ing the in di ca tor of pol lu tion, Mulgrew and Wil liams [2000] re ported that co nif er ous trees in di cate pol lu tion over a longer time pe riod. They supported the use of the bark of a tree spe cies for the sim i lar pur pose since bark is ex posed to air pol lut ants ei ther di rectly from the at mo sphere or from stemflow, tree bark is ap pro pri ate in in di cating lon ger term air pol lu tion [Mulgrew and Wil liams 2000] . In a study Laaksovirta et al. [1976] in ves ti gated the lead level by us ing the barks of P. sylvestris dis cov ered that lead accu mu la tion in the barks of the spe cies becomes higher in the ar eas, where there is more dense traf fic. The re sult of this study supported the re sults found by Mulgrew and Williams [2000] in using the bark of a coniferous tree as a biomonitor.
Conclusion
The re sults of this study dis cussed above showed that in ves ti gat ing the heavy metal pol lu tion with P. brutia bark lead us to the con clu sion that there is no heavy metal pol lution in most of the study ar eas for all trace el ements ex cept iron and lead only in roadsides. Only pol lu tion de tected ar eas for al most all el e ments ex cept cad mium are in dus trial areas, and road side ar eas for only lead. That means that in ves ti gat ing the heavy metal accu mu la tion of an area with barks of P. brutia has pos i tive re sults only in iden ti fy ing the heavy metal pol lu tion. There fore, this study dem on strates that barks of P. brutia can be used as a biomonitor for de tect ing the heavy metal pollution in a specific area.
